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Corrosion is a phenomenon of universal interest. 
It affects the economy of a country and causes hazards 
to the health of human lives, as well. The serious-
ness of the problem has made the scientists all over 
the world very much corrosion-concious and devising 
ways of preventing corrosion has become a part of 
their struggle against corrosion. Numerous methods of 
prevention have been suggested and among them 
corrosion control through the application of 
inhibitors has received the attention of the 
scientists to a very great extent, due to simplicity 
of the method. Being specific to a system this needs 
thorough consideration. In the present study, use of 
some heterocyclic compounds as inhibitors of corrosion 
of mild steel in acidic environment has been investi-
gated . 
The dissertation begins with an introduction 
highlighting the economic and technological 
significance of the corrosion problem. The forms and 
theory of corrosion have been described to explain the 
mechanism of corrosion prevention of corrosion using 
organic inhibitors in acid medium has been described, 
v^ ith greater emphasis on mode of action of inhibitors 
towards prevention of corrosion. A brief description 
of different techniques employed for investigation of 
corrosion inhibitors is also given. 
The literature on heterocyclic compounds as acid 
corrosion inhibitors has been surveyed from 1967-
Dec.1992. 
The description of synthesis of inhibitors, 
materials used and methods adopted such as weightless, 
polarization and surface examination using optical 
microscope is given in the experimental section. 
The various corrosion parameters such as 
percentage inhibition efficiency, corrosion current-
density (I ), and corrosion potential (E ) have 
•^ corr ' '^ corr 
been evaluated and the influence of concentration, 
temperature and the affect of substituents on 
corrosion of mild steel in IN H^SO, discussed. For 
comparison point of view one inhibitor viz. 2-
Hydrazino-6-methoxybenzothiazole has also been studied 
in IN HCl . A plausible mechanism of corrosion 
inhibition has been proposed. An attempt has also been 
made to correlate the structure and efficiency of the 
inhibitor molecules. 
CHAPTER I 
INTRODUCTION 
Corrosion is the loss of useful properties of a 
metallic material as a result of chemical or electrochemical 
reaction with its environment. Metals such as yold and 
platinum remain unaffected for centuries while others like 
copper, iron,aluminium, etc. are likely to change into their 
compounds when kept exposed to aggressive environment. The 
latter metals tend to revert back to the combined state 
forming oxides, sulphides, carbonates, etc. Deterioration by 
physical causes is not called corrosion but is described as 
Erosion, Galling or ,Wear. V7hen the chemical or electroche-
mical and physical deterioration takes place simultaneously 
the damage produced is frequently far greater than the 
damage caused when they proceed one at a time. Corrosion-
erosion, stress corrosion cracking, corrosion fatique, etc. 
are some examples of this type of cojoint action. Rusting of 
iron and iron based alloys is a very common example of 
corrosion. Non-ferrous metals corrode but do not rust. 
Corrosion processes form an interesting area for scientific 
studies which are frequently undertaken by chemists, 
particularly electrochemists, metallurgists and chemical 
engineers. 
1.1 LOSSES DUE TO CORROSION 
Losses due to corrosion are so high that it has assumed 
great economic importance throughout the world. It is 
expected that 1/4 part of the'total production of metals and 
alloys go waste due to corrosion. Technological and economic 
consequences of the wastage of metals and alloys by 
corrosion cannot be ignored now. A number of reports have 
appeared from time to time about the enormous financial 
losses in India and other countries of the world. According 
to a survey made in India in 1958 /the annual loss due to 
corrosion was estimated to be of the order of 50 crores of 
rupees. According to a report published by the corrosion 
Research Committee of CSIR, New Delhi, the annual corrosion 
loss in India has nov/ increased to more than Rs.900 crore^. The 
estimated annual losses due to corrosion in India and some 
other countries are given below: 
U.S.A. Rs. 28,000 crores 
U.K. Rs. 2,300 crores 
India Rs. 900 crores 
Hungary Rs. 265 crores 
From national economic point of view, it is necessary 
for scientists and engineers to adopt various v/ays and means 
to reduce the loss due to corrosion. With technological and 
industrial growth, the use of metals and their alloys is 
increasing very rapidly and any step in the direction of 
understanding the nature of corrosion, its mechanism and the 
way to control it, would be of great help to nation's 
economy. 
1.2 CAUSES OF CORROSION 
Except for the noble-metals, such as gold, metals 
occur in the earth's crust as certain stable compounds, usually 
oxides, hydrated oxides or sulphides, sometimes basic 
sulphates,basic chloride or carbonates, etc. In reduciny the 
'ore' to metallic state, eneryy must be expanded to over-
come the affinity between the metal and non-metal. The metal 
thus produced, represents an energy rich state and if, as 
usually happens in service, it is exposed to oxygen and / or 
water, or to sulphur compounds, etc., they return to the 
lower energy state in which they originally occurred in the 
earth through the reactions involving drop of free energy 
i.e. an operation v\7hich will occur spontaneously. It is not 
surprising to find that iron heated in air acquires a scale 
of oxides, that iron exposed to air and v/ater produces rust 
(hydrated oxide) or that copper exposed to an atmost^hore 
containing a trace of certain sulphur compounds develops 
tarnish films. Since the earth is surrounded by oxygen and 
water vapours, it would be sensible, instead of asking the 
question 'Why do metal corrode?' to enquire how under these 
circumstances metals manage to escape corrosion. 
The amount of energy re4uired and stored up varies from 
metal to metal. Some noble metals like gold, platinum and 
silver require least energy to convert their ores to metals 
(Most corrosion resistant), v;hereas for the metals like 
magnesium, aluminium, iron, it is relatively high. Metallic 
materials of general use are iron, nickel, chromium, copper, 
zinc, aluminium, etc. Some of the metals or alloys corrode 
heavily in certain environments in which others remain 
unaffected. Iron v/hen left to an industrial atmosphere, 
forms a reaction products layer or rust (Fe20T.H20), which 
is unable to protect the metal by the formation of a protec-
tive barrier. But in similar corrosive atmospheres copper 
forms an adherent green patina CuSO. (SCulOH)^) which 
protects the metal by isolating it from the environment. J 7 
at % chromium is required in stainless steel to produce good 
corrosion resistance whereas, in Fe-base metallic glasses or 
amorphous alloys only at 8 at % Cr is necessary to develop 
the same degree of ' corrosion resistance. Broadly speaking 
both metallurgical structure and environmental conditions 
are important factors in the study of corrosion phenomena. 
1.3 FORMS OF CORROSION 
Corrosion leads to various forms of destruction depen-
ding upon the nature of the metal or alloy, the corrosive 
environment, stress etc. The corrosion is classified, on the 
basis of mechanism, outward appearance and altered physical 
3 
properties into eight forms. They are uniform attack, 
crevice corrosion, pitting, intergranular corrosion,selective 
leaching, erosion-corrosion, stress-corrosion and hydrogen 
damage. 
1.4 ELECTROCHEMICAL THEORY OF CORROSION 
Though corrosion problem is as old as Man's knov;ledge 
about the uses of metals but its mechanism was not known 
4 
uptill eighteenth century. Wallaston produced first paper 
in 1801 regarding the mechanism of corrosion. The most 
acceptable electrochemical theory of corrosion was given by 
Whitney in 1903. Various othor theories namely acid theory 
direct chemical attack theory^ , Colloidal theory^ havf 
also been put forv;arded but they are mainly restricted to 
specific systems only. The electrochemical theory of 
corrosion is the only theory which is universally accepted 
and is applicable to most of the corrosion processes. 
Most of the corrosion reactionr can be separated into 
two or more partial reactions which can be further divided 
into two classes, oxidation and ruduction. An oxidation 
reaction is indicated by production of electrons as given 
below: 
M ^ M + e~ . . . { 1 ) 
"5:: 
This reaction constitutes the basis of corrosion of 
metals. In a similar fashion, a reduction reaction is 
indicated by the consumption of electrons. For every 
oxidation reaction there must be a corresponding redur-tion 
reaction. In aqueous solutions, various reduction reactions 
are possible depending upon the system. Some examples of 
reduction reactions are: 
Hydrogen evolution : 2H + 2e~ > H- ( in acidic system) ..{ 2 
Oxygen reduction : 0- + 4H + 4e~ > 2H„0 (in acid 
solution)..(3) 
, O2 + 2H2O + 4e~ >'40H~(in neutral 
and alkaline 
solution) 
Metal ion reduction : n"*"" + e~ > M"*"^"'^ ..(4) 
Metal deposition : M "^  + ne~ s> M ..(5) 
Oxidation reactions are known as anodic reactions v;hilr 
reduction reactions as cathodic. During the corrosion more 
than one anodic and more than one cathodic reactions may-
occur. Oxidation-reduction (redox) reactions can be 
understood by the example of corrosion of mild steel in 
sulphuric acid contaminated by ferric ions. Anodic reaction 
will occur as below: 
M -^  M"^" + e" .. (5a) 
All the component element of mild steel (e.g. Fe, Mn, 
etc.) go into the solution as their respective ions. The 
electrons produced by these anodic (oxidation) reactions 
will be consumed by the cathodic (reduction) reactions. In 
this case, reaction (4) can be represented as below : 
+ 3 - +2 
Fe + e > Fe ..(6) 
Removing one of the available cathodic reactions (e.g. 
reaction (6) by removal of the Fe ions) will reduce the 
corrosion rate. 
When a metal or alloy is immersed in a corrosive 
environment (conductive,) different potential zones are 
developed on the surface of metal or alloy due to the 
presence of different metallic phases, grain boundaries, 
segregates, crystalline imperfections, impurities, etc. This 
difference in potential leads to the formation of anodic and 
cathodic areas on the metallic surface where oxidation and 
reduction reactions occur, respectively. These areas result 
in the formation of local action cell on the metallic 
surface. Local action cell can also form vv-here there are 
variations in the environment or in temperature. The 
electrode potential is calculated from the nernst equation: 
RT I (ox) 
^ = ^ o ^  IF ^ " TTidT "^^^ 
where, 
E = Standard electrode potential 
R = Gas constant (1.98 cal/gm equivalent) 
F - Faraday constant (96,500 coulombs/gm equivalent) 
T = Absolute temperature 
^ - Number of the electrons transferred in the reaction 
(ox) = Concentration of oxidized species (mol/1) 
(red)= Concentration of reduced'species Inol/l). 
The potential of a reaction is related to its free eneryy 
( '^  G) by: 
AG = ZFE . . (8) 
A negative value for the free energy corresponds to a 
spontaneous reaction, whereas a positive value of AG 
indicates that the reaction has no tendency to proceed. The 
change in free energy accompanying an electrochemical or 
corrosion reaction can be calculated from a knowledge of the 
cell potential of the' reaction. 
It is the redox potential by v/hich one can predict 
v/hether a metal will corrode in a given environment or not. 
TABLE 1 . 1 
S t a n d a r d o x i d a t i o n - R e d u c t i o n (Redox) p o t e n t i a l s a t 398 K 
(EMF S e r i e s ) 10.11 
Au; 
P t : 
±Au"^ ^ + 3e" 
iPt"^^ + 2e" 
O2 + 4H + 4e 
P d = : 
Ag — 
2 H g -
^d"*"*" + 2e" 
::^2H20 
: ^ g + e 
±HgJ^ 
+ e 
+ 2e 
^Fe-^2 
0„ + 2H„0 + 4e — 2 2 ^ 5-
Cu: ^ u + 2e 
Sn'^'^ + 2e ±^n 
+ 2 
2H 
P b -
S n -
N i -
C o -
C d -
F e ^ 
C r -
Z n -
A l -
M g -
N a -
K== 
+ 2e 
= : ^ b 
J i H, 
i^Sn 
:Co 
4>2 
+ 2 
+ 2 
^ . . + 2 
i^Cd 
^Fe 
i ^C: 
:iZn 
::^A1 
:Mg 
!Na' 
+ 2 
+ 2 
.+3 
+ 2 
+ 3 
+ 2 
+ 2e 
+ 2e' 
+ 2e' 
+ 2e" 
+ 2e" 
+ 2e" 
+ 3e" 
+ 2e" 
+ 3e" 
+ 2e" 
+ e~ 
-^ 40H 
tK + e 
1 . 4 2 
1 .2 
1 . 2 3 
0 . 8 3 
0 . 7 9 9 
0 . 7 9 8 
0 . 7 7 1 
0 . 4 0 1 
0 . 3 4 
0 . 1 5 4 
0 . 0 0 0 
- 0 . 1 2 6 
- 0 . 1 4 0 
- 0 . 2 3 
- 0 . 2 7 
- 0 . 4 0 2 
- 0 . 4 4 
- 0 . 7 1 
- 0 . 7 6 3 
- 1 . 6 6 
- 2 . 3 8 
• 2 . 7 1 
• 2 . 9 2 
+ ( N o b l e ) 
( - ) A c t i v e 
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A nev; series "Galvanic series" has been su^gosteci to 
overcome the limitations of the EMF series. In yalvanic 
series metals and alloys are arranged in accordance with 
their actual measured potentials in a yiven environment. 
Such a series of metals and alloys immersed in sea water is 
yiven in Tablel-2. For simplicity and because corrosion 
potential of a yiven metal often shows considerable 
variation, the actual potential values are usually (^ l.imina-
ted and table is merely presented as a listing of metalr- and 
alloys with positive corrosion potentials, usually refprrod 
to as active or anodic at the bottom. In the absence of 
actual tests in a given environment, the galvanic series 
gives a good indication, within some limitations of the 
corrosion resistance of metal and alloys. For example, 
aluminium is anodic to zinc according to EMF series whereas 
zinc is shov/n anodic to aluminium in the galvanic series 
(Tablel-2.) In marine atmosphere it is actually observed that 
zinc is anodic to aluminium. Although more useful than EMF 
series, the galvanic series cannot be used to predict the 
corrosion rates. A galvanic series is more relevant and 
practical for predicting galvanic effects than the EMF 
series. 
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TABLE -12 
Galvanic series in sea water (3% NaCl) of some commercial 
metal and alloys 
Cathodic (noble) 
Platinum 
Gold 
Graphite 
Silver 
18-8-3 Stainless Steel, Type 316 (passive) 
18-8- Stainless Steel, Type 304 (passive) 
13% Chromium Stainless Steel, (active) 
Type 410 
Nickel Alloy (Passive) 
Bronze 
Copper 
Brass 
Nickel (active) 
Manganese Bronze 
Muntz Metal 
Tin 
Lead 
Stainless Steel Type 316,304/410 (active) 
Cast Iron 
Wrought Iron 
Mild Steel 
Aluminium 2024 
Cadmium 
Al Clad 
Alminium 
Galvanized Steel 
Zinc 
Magnesium Alloys Anodic (active) 
Magnesium 
11 
1.5 PREVENTION OF CORROSION 
Many methods are adopted to minimize the damage due to 
corrosion. These are essentially (a) selection and control 
of the material, (b) appropriate design of the structure, 
(c) application of various types of coatings, (d) cathodic 
and anodic protection and (e) alteration of the environment. 
Details of these various methods may bo found in t hc> 
13-15 
extensive literature on corrosion control. 
One of the major methods of corrosion control part'cuJa-
rly in closed systems is the use of corrosion suppression 
reagents called inhibitors. An inhibitor is a chemical 
substance which when added in a small concentration to the 
corrosive environment causes a substantial reduction in the 
rate of corrosion of metal either by reducing the probability 
of its occurrence (deterrent) or by reducing the rate of 
attack (retardent) or by both. An inhibitor useful for a 
particular corrosion system may be harmful to another under 
certain situations. 
1.6 INHIBITORS 
The definition of an inhibitor favoured by the NACE is 
'A substance which retards corrosion when added to an 
^ • -, -. . 1 6 
environment in small concentrations. Inhibitors may also 
be defined on electrochemical basis as substances that 
reduce the rates of either or both of partial anodic 
oxidation/or cathodic reduction reaction. 
From 19th century onwards vegetable wastes, plant extra-.ts 
and animal proteins were used as inhibitors , Putilova ••: 
aj. . have reviewed i.e. metallic corrosion Inhibitors. 
2 1-23 
Reviews on organic inhibitors and organic sulphur 
compounds^'* have been published. Several books have been 
published on this subject ' . Besides, the university oi 
Ferrara, Italy, conducts a symposium on corrosion inhibJtifjn 
once in five years^ . All the International Seminars on 
corrosion discuss the developments and application of corro-
sion inhibitors^^'^^ . Various books on corrosion, review 
the subject in a precise manner^°'^^ . These show that the 
information on this subject is extensively available and 
also shows the importance of this topic. Inhibitors mav be 
classified into several groups i.e. passivators, precipitator; 
vapour phase inhibitors, cathodic inhibitors, anodic 
inhibitors, neutralizers and adsorbents. 
The passivating type of inhibitors are mainly inorganic 
oxidizing chemicals (e.g. chromate, nitrite, nitrate etc.) 
which can passivate steel in absence of oxygen and when 
added to the corrodent, facilitate the anodic process of 
oxide film formation by retarding the cathodic current 
density or by increasing the field potential value to more 
negative values and subsequently promoting the anodic 
process. The other passivating type inhibitors are inorganic 
non-oxidizing chemicals(eg. phosphate, tungstate, molybdate, 
etc.) v;hich require the presence of oxygen to passivate 
'c»rr 'corr 
CURRENT 
( Q ) 
•^ tcor r 
S c 
"o tcorr 
a 
•:5 E m corr 
c c^ 9, tcorr 
o 
a 
'corr 'corr 
CURRENT 
( c ) 
FIG.M MECHANISM OF ACTION OF CORROSION INHIBITORS 
BASED ON POLARIZATION EFFECTS 
14 
steel. Paasivating inhibitors are most effective nf rill 
inhibitors because they can stifle corrosion almost 
completely. Passivating inhibitors are also known as 
"dangerous inhibitors" because under certain conditions they 
can accelerate corrosion. 
The pickling inhibitors^ usually nitrogen or sulphur 
containing organic compounds like thiourea, amines, azoles, 
etc. are classified in the category of non-passivating 
inhibitors v/hich have a slight effect on the corrosion 
potential and act mostly by adsorption. On the basis of 
mechanism of inhibition, inhibitors can be classified as: 
1.6.1 Anodic Inhibitors 
Those substances which reduce the anode area by acting 
on the anodic sites and polarise the anodic reaction are 
called anodic inhibitors. In the presence of anodic 
inhibitor, displacement in corrosion potential (E ) takof^ 
•^  ^ corr 
place in positive direction, suppress corrosion curront 
(I_^__) and reduce the corrosion rate. In aqueous acid 
media, the corrosion of metals takes place at the anodic 
area through metal dissolution. The cathodic reaction 
generally involve the reduction of hydrogen ions or by 
oxygen reduction to hydroxyl ions. These reactions may be 
represented schematically shown in Fig.1.1a. The curve 
E^^^^A represents the anodic reaction while F. C 
corr corr 
represents the cathodic reaction and the point B where both 
15 
anodic and cathodic reactions intersect corresponds to 
corrosion potential (E ) and corrosion current (I ). 
ijorr i_LJi-x 
The substances which retard the anodic reaction lead to the 
enhancement of anodic polarization. In this situation, 
anodic curve becomes E^ A (Fig.1.1a) and the current 
corr 
la corresponding to O is less than I^^ ^ (corrosion 
corr '^ ^ corr 
current in the absence of the inhibitor) and the rate of 
corrosion is decreased. Anodic inhibitors which cause a 
large shift in the corrosion potential are called 
passivating inhibitorsj if used in insufficient concentra-
tions, they cause pitting and sometimes an increase in 
corrosion rate. With careful dosage control, anodic 
inhibitors are frequently used because they are very 
effective in sufficient quantities. Anodic inhibitors cause 
passivity by speeding up the corrosion reaction to the 
extent that the anodes are polarized to a passive potential. 
If corrosion of a metal or alloy is controlled by the anodic 
reaction (anodic control), it is obvious that decrease in 
overall corrosion should be proportional to the portion of 
the anodic areas being polarised. On the other hand, if 
corrosion is controlled by the cathodic reactions (cathodic 
control), the corrosion current and, therefore, the tcita] 
amount of corrosion is not affected by decreasing the anodic 
areas. In this case, the same amount of corrosion must be 
distributed over a smaller anodic area, resulting in 
intensified localized attack (pitting typo of corrosion). 
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The inhibition mechanism of the anodic corrosion in-
hibitors has been a matter of lony dispute and ttif-Tf h.iv.-
been tv/o points of view advanced to explain their action. 
One support? the formation of protective insoluble film on 
metals in the presence of the inhibitors while the other can 
be understood in such a way that the inhibitors get adsorbed 
by specific force of interaction or through chemisorption on 
the surface of metals. 
(a) Protective Film Mechanism 
It has been observed that most of the potassium and 
sodium salts containing anions act as anodic inhibitors by 
forming a sparingly soluble salt with the metal. Hoar and 
33 
Evans have shown that chromates react with ferrous ions 
and precipitate an adherent protective film, of hydrated 
ferric and chromic oxides on the anodic areas. It has been 
shown that during the inhibition of corrosion by sodium 
hydroxide'^'' , orthophosphate , nitrite''^ chromate^^ and other 
anodic inhibitors like sodium carbonate, acetate, ben7oato 
38 
and molybdate in aerated solutions, there occurs the 
formation of an invisible protective thin film by Y - F G ^ O ^ . 
(t)) Adsorption Mechanism 
39 
According to Uhlig , for inhibition oxide film forma-
tion is not necessary; primary inhibition by chromates and 
other oxidizing inhibitors is due to physical and activated 
adsorption-chemisorption, through which valence forces of 
17 
the surface metal atoms are satisfied. These viewt^  were 
confirmed from the measurements of electrode potential as 
well as the measurement of residual activity of an iron 
sample immersed in radioactive chromate solution and 
40-4? 
subsequently washed thoroughly with distilled water .Later 
on, Hackerman'*^ found that anions adsorbed at the oxidesolu-
tion interface were responsible for inhibition rather than 
the formation of metal oxide film. 
1.6.2 Cathodic Inhibitors 
Those substances which reduce the cathode area by 
acting on the cathodic sites and polarise the cathodic 
reactions are called cathodic inhibitors. They displace the 
corrosion potential in the negative direction (E ) and 
^ ^ corr 
reduce corrosion current, thereby retard cathodic reaction 
and suppress the corrosion rate (Fig. 1.1b). In thi? 
situation, the point of intersection is at Oand corresponding 
c 
current I will be lower than that without inhibitor 
(I ). corr 
The cathodic inh^ibitors, with a few exceptions do not 
lead to intensified or localized attack, since, cathode 
areas are not attacked during corrosion. If corrosion is 
controlled by cathodic reactions, the added cathodic 
inhibitor v/ould decrease cathodic area and hence over all 
corrosion rate. On the other hand, if the corrosion is 
controlled by anodic reaction, decrease in cathodic area 
would increase cathodic current density but will h5\'f- no 
effect on the nature of corrosion. The increase in cathodjc 
current density may cause the reduction of substances 
present which would not otherwise be reduced. Mann et dl. 
47-50 , . 
and other investigators ,working on numerous organic 
inhibitors in acid media have proposed that inhibitors exist 
in onium structure and get adsorbed on the cathodic areas of 
the surface by force of physical adsorption, and chemisorp-
51 
tion. In contrast, Bockris and Conway have claimed that 
the action of cathodic inhibitors is due to an increase of 
the hydrogen over voltage rather than that by an adsorbed 
inhibitor film on the metal surface. The cathodic inhibi-
tion due to the general adsorption of the inhibitors on the 
5 2 , •''' 
metal surface remains, however, the most accepted theory, 
Like anodic inhibitors, cathodic inhibitors are not 
dangerous but safe, when present in solution in insufficient 
quantities and involve no additional risk of pitting attack. 
Cathodic inhibitors may be divided into three categories. 
(a) Cathode Poisons 
When the cathodic reaction is the reduction of hydrogen 
ions to hydrogen gas, several steps are involved. The 
hydrogen ions are reduced to hydrogen atoms which are 
adsorbed on the surface of the metals: 
2H"*"+ 2e~ > 2H° (ads) ..(13) 
Two hydrogen atoms may he then combine to form a hydrogen 
molecule which is discharged from the surface: 
19 
2H° (ads) > H2 T --(l^) 
Cathodic poisons are substances which interfere with 
the formation of hydrogen fltoms or recombination of hydroqe^n 
atoms to hydrogen gas on the surface of the corrodinq metal. 
The rate of the cathode reaction is slowed and because 
anodic and cathodic reactions must proceed at the same rate, 
then the whole corrosion proces is slowed. Some cathodic 
poisons such as sulfides and selenides are adsorbed on the 
metal surface. Other compounds of arsenic, bismuth and 
antimony are reduced at the cathode to deposit a layer of 
the respective metals. Sulfides and selenides generally are 
not useful inhibitors because they are not very soluble in 
acidic solutions, they precipitate many metal ions and are 
toxic. A serious drawback in the use of cathodic poisons is 
that they sometimes cause blistering of steel and increase 
its susceptibility to hydrogen embrittlement. Since the 
recombination of hydrogen atoms is inhibited, surface 
concentration of hydrogen is increased and a greater 
function of the hydrogen produced by the corrosion reaction, 
54 
is adsorbed by the steel. 
()D) Cathode Precipitates 
CaCHCO^)^, ZnSO^ are the examples of this type (filming 
type) of inhibitor and some other compounds with cations 
that migrate towards the surface and react with cathodically 
formed alkali (mild) to produce insoluble protective film or 
20 
layers thus lessening corrosion current by making the 
cathode reaction more difficult. 
Ca'''^ + 2HC0~ + 0H~ ^ CaCO^ + HCO^ + H^O ..(1.5) 
(From hard (cathodic (cathodic film) 
water) alkali) 
Zn^^ + OH" -; > Zn (0H)2 •• ^ 6 
(from (cathodic (cathodic 
cathodic alkali) film) 
inhibitor) 
Hard waters are less corrosive to iron than soft or distilled 
water.. 
(c) Cathode Scavengers 
The most common oxygen scavengersused aresodium sulfite, 
sulphur dioxide and hydrazine which remove dissoved oxygen 
from aqueous solution. 
2Na2S02 + O > 2Na2SO ..(17.1) 
2S0-, + 0_ + 2H_0 ^ 2H„S0, ..(17.2) 
2 2 2 2 4 
•^ 2^ 4 ^ °2 ^ ^2 "^  ^ ^2° ..(17.3) 
Such inhibitors will function on very efficiently in 
close systems where oxygen depolarization (reduction) is the 
controlling cathodic reaction, but will not be effective in 
strong acid solutions. 
21 
The advantage of hydrazine over sulphite in boiler 
water corrosion control is that the former does not cause an 
increase in hardness of the water with accompanying danger 
of boiler scale formation in the presence of free calciurri 
ions. Besides, the liberation of ammonia by reaction: 
3N-H^ > N„ + 4NH, .. (14) 
2 4 2 3 
leads to an a lka l i sa t ion of v/ater to reduce free carbon 
t 
dioxide concentration. The reaction rate of sulphite, 
sulphur dioxide and hydrazine with oxygen at low temparature 
is slo\\?. So catalyst like cobalt, manganese and copper 
salts are usually added to increase the reaction rate. 
1.6.3 Mixed Inhibitors 
There are a number of chemicals which inhibit the 
metallic corrosion by interferring with both the anodic and 
cathodic reactions are called mixed inhibitors. This type of 
inhibition can be represented by Fig(L.lc) The anodic and 
cathodic reactions are represented by ^ A and i^' C 
^ -^ corr corr 
respectively and corrosion current I in presence of such 
corr "^  
type of inhibitors is considerably less than that in their 
absence. Glue Gelatin and other high molecular weight 
substances fall in this category. It is believed that the 
action of such type of inhibitors at the metal-liquid 
interface is due to their concentration or coagulation 
providing a shield to the metal surface. Machu"' ^^ claims 
that their action is mainly due to formation of porous layer 
22. 
which increases the electrical resistance of the surface 
layer. 
1.7 MECHANISMS OF INHIBITION IN ACIDS 
The inhibitive action of organic compounds occur on the 
metallic surface due to interaction between the inhibitor 
and the metal surface by adsorption phenomenon. In this 
process , the molecules are held on to the surface of the 
adsorbent by valence forces i.e., variation in the change of 
the adsorbed substance and a transfer of charge from one-
phase to the other. Therefore, the molecular structure of 
the inhibitors assumes special significance . The electron 
density at atoms of functional group constituting a reaction 
centre affects the strength of the adsorption bona it also 
depends on the properties of the metal, as well as on the 
C Q ^  C "I 
polarizability of the functional group' ' .Inhibition by 
J • 1- •> • J ,- , • 62,63 
adsorption can be explained by a LFER correlation. 
1.7.1 Factors Affecting Adsorption Mechanisms 
1.7.1.1 Surface Charge on the Metal 
The magnitude and sign of the surface charge of the 
metal play a very irtifiortant role for the establishment of 
the adsorption bond. The effects exercised by organic inhi-
bitors on the electrode reactions must be connected with the 
modifications induced in the structure of the electroche-
mical double layer because of their adsorption. In solution 
the charge on a metal can be expressed by its potential with 
23 
respect to the zero charge potential. This potential, often 
referred to as the f potential, is more important than th^ 
potential on a hydrogen scale and sign of these two p(-iten-
64 
tials are different . As the potential becomes more 
positive, the adsorption of anions is favoured and as the 
potential becomes more negative, the adsorption of cations 
is favoured. 
1.7.1.2 Reaction of Adsorbed Inhibitors 
In some cases, the adsorbed corrosion inhibitors may 
react to form a product by electrochemical reduction, which 
may also be inhibitive in nature. Inhibition due to the 
added substances has been termed as primary inhibition av.'.'-. 
that due to the reaction product, secondary inhibition'- . !', 
such cases, the inhibitive efficiency may increa-e or 
decrease with time according to whether the secondary inhi-
bition is more or less effective than the primary inhibition. 
1.7.1.3 Interaction of Adsorbed Inhibitor Species 
Lateral interactions between adsorbed inhibitor species 
becomes significant with increase of surface coverage of the 
adsorbed species. This lateral interaction may be either 
attractive or repulsive. Attractive interaction occur-s 
between molecules containing large hydrocarbon components. 
Repulsive interactions occur between ions or molecules 
containing dipoles and lead to v/eaker adsorption at high 
67 
coverage. 
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1.7.1.4 Interaction of the Inhibitor with Water Molecules 
The surfaces of metals in aqeous solutions are covored 
with adsorbed water molecules. Adsorption of inhibitor 
takes place by the displacement of adsorbed water molecules 
from the surface, which involves free energy for adsorption. 
It is found to increase with the energy of solvation of the 
^ ^- . 6 8 
adsorbing species 
1.7.1.5 Structure of Inhibitors and their Adsorption 
Inhibitors can bond to metal surfaces by electron 
transfer to the metal to form adsorption bond. Generally the 
inhibitors are the electron donor and the metal is the 
electron acceptor. The strength of this bond depends on the 
characteristics of both the adsorbate and adsorbent. 
Electron transfer from the adsorbed species is favoured by 
the presence of relatively loosely bound electrons, such as 
may be found in anions and neutural organic molecules 
containing lone pair electrons or 7^ electron systems 
associated with multiple, especially triple bonds or aroraatic 
rings. 
Plost oryanic compounds have at least one pol CT at(n-, 
i.e. nitrogen, sulphur, oxygen and in some easels s<-],miun 
and phorphorous. In general, the polnr atom is regarded as 
the reaction center for the ostablishncnt of the chemisorp-
57 tion process . In such cases, the adsorption bond .strenyth 
is determined by the electron density of the atom acting as 
25 
tho i-o'ctioi: i;(-ntrr' nri' !>> the ^o 1 n r 1/.n h i ] i t , of 1 tn ,.il,ii 
atons. The effectiveness of the polar atoms with respect to 
the adsorption process varies in the following sequence •. 
selenium > Sulphur > Nitrogen > Oxygen. The importance of 
electron density in chemisorption of organic substance in 
relation to inhibition phenomena has been evaluated by 
Donahue . The idea of electron density acquires particular 
importance in aromatic or heterocyclic inhibitors whose 
structure may be affected by the introduction of substitu-
ents in different positions of the rings . The avajlabilit/ 
of electron pairs for the formation of chemis o r P't ion l)C)nd;; 
can thus be altered by regular and systematic variations of 
the molecular structure. 
1.7.2 Influence of Inhibitor on Corrosion Reaction 
An inhibitor may decrease the rate of anodic procfKss, 
the cathodic process or both processes. The change in 
corrosion potential on addition of the inhibitor is the 
69 indication of a retarded process. Shift of the corrosion 
potential in the positive direction indicated mainly retar-
dation of the anodic process (anodic control) whereas shiift 
in the negative direction indicates the retardation of the 
cathodic process (cathodic control). Little change in the 
corrosion potential suggests that both anodic and cathodic 
processes are retarded. 
In the presence of an inhibitor, a shift of polariza-
tion curves v/ithout a change in the Tafel slope indicate? 
that the adsorbed inhibitors acts by blocking active sites 
so that reaction cannot occur rather than affectin^-, the 
mechanism of the reaction . A change in the Tafel slope is 
the indication of affecting the mechanism of the reaction. 
Inhibitors in acid solutions affect the corrosion 
reactions of metals in the following ways. : 
1.7.2.1 Formation of a Diffusion Barrier 
The adsorbed inhibitor which forms a surface film on 
the metal surface, can act as a physical barrier to restrict 
the diffusion of ions or molecules to or from the metal 
surface and so retard the corrosion reactions. This type of 
behaviour occurs in inhibitors containing large molccuJos. 
1.7.2.2 Blocking of Reaction Sites 
The inhibitors may adsorb on the metal surface to 
prevent the surface metal atoms from participating in either 
the anodic or cathodic reactions of corrosion. This block-
ing process reduces the surface metal atoms at which these 
reactions can occur, and hence the rates of these reactions, 
The mechanism of the reactions are not affected and the 
Tafel slopes of the polarization curves remain unchanged. 
Adsorption of inhibitors at low surface coverage tends to 
occur at anodic sites, causing retardation of the anodic 
27 
reaction. At high surface coverage, adsorption occurs on 
both anodic and cathodic sites, and both reactions arr 
inhibited . 
1.7.2.3 Participation in the Electrode Reactions 
The electrode reactions involve the formation of adsor-
bed intermediate species with surface metal atoms. The 
presence of adsorbed inhibitors will interfere with the 
adsorbed intermediate but the electrode processes may then 
proceed by alternative paths through intermediates contain-
ing the inhibitor. In these processes, the inhibitor 
affects the reaction and the inhibitor remain unchanged with 
72 
a change in the Tafel slope . Inhibitors may retard the 
rate of hydrogen evolution on metals by affecting the mecha-
nism of the reaction with the increase in Tafel slopes of 
cathodic polarization curves. This effect has been observed 
on iron in the presence of inhibitors such as phenylthiouieas. 
1.7.2.4 Alteration of the Electrical Double Layer 
The adsorpton of ions or species which can form ions on 
metal surfaces will change the electrical double layer at 
the metal solution interface, and this in turn will affect 
the rates of the electrochemical reactions. 
1.7.2.5 Adsorption Isotherms 
An adsorption isotherm gives the relationship between 
the coverage of an interface with an adsorbed species (the 
2 8 
TABLE 13 
Adsorption Isotherms'^ 
S.No. Isotherms Equations 
1. Freundlisch BC = 6 
e 
2. Langmuir BC = 
1-e 
3. Frumkin BC = exp (-2ae) 
(1-6) 
Exp(a9)-1 
l-exp.[-a(l-e)] 
Temkin pc 
5. Blomgren-Bockris jBC = — exp . ( Pe^^-qe"^) 
1-e 
Q O ^  ft 
6. Parsons BC = exp. ~ ^ exp(-2a0) 
1-e (1-e)^ 
7. Bockris/Devanathan logC+log —^—= C+B9 ' 
and Muller ~ 1-9 
where, p - e ads^ = adsorption constant 
G = free energy adsorption 
e = surface coverage 
c = concentration 
a = interaction parameter 
a > 0 => attraction and a < 0 = > repulsion 
p and q = constants expressed in terms of dipole 
moments. 
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amount adsorbed) and the concentration of the species in 
solution ^^  . Various adsorption isotherms have been 
formulated. Table 1.3 gives the list of isotherms and their 
75 
corresponding equations. 
Interpretation of the inhibition characteristics of 
organic molecules can be made by fitting the data to one of 
the adsorption isotherms. 
1.8 METHODS OF STUDYING CORROSION INHIBITORS 
The testing method of corrosion inhibitors covers a 
spectrum of activities ranging from studies of protection 
mechanisms through the search for new inhibitors and the 
appraisal of competitive commercial products to the 
monitoring industrial systems in which inhibitors are being 
used. Recently the measurement of corrosion rates in the 
presence of corrosion inhibitors by weight loss and 
76 
electrochemical methods have been reviewed by Mercer . The 
important methods for investigating the corrosion inhibitors 
are as follows : 
1.8.1 Non-Electrochemical Methods 
The effectiveness of an inhibitor is assessed in t(;rms 
of inhibition Efficiency (I.E.) which is given by the 
formula; 
IE % = X 100 
Wo 
JO 
VJhere VJ = JVeight loss of specimen in tho yivtM; 
medium without the inhibitor 
W, = VJeight loss with inhibitor 
Similarly the volume of hydrogen gas liberated in the 
presence and absence of inhibitor can be measured using 
gasometric technique and the inhibition efficiency is 
calculated from the formula. 
V -V 
IE% = X 100 
VQ 
V|-j and V are the volume of hydrogen gas liberated n: 
absence and presence of inhibitor respectively. This "utht-'n 
may give inaccurate results when 
(i) the inhibitors react with hydrogen and 
(ii) there is considerable hydrogen penetration. 
1.8.2 Electrochemical Methods 
The electrochemical methods are most widely used for 
the study of inhibitors. 
1.8.2.1 Polarisation Methods 
In this method the behaviour of inhibitor is understood 
by- drawing a Tafel plot Fig. i.2in absence and presence of 
inhibitor. 
The percentage inhibition is calculated from the 
formula 
Ocorr -"-corr 
1E% = 
Ocorr 
3/ 
( + ) 
Noble 
^ y H j 
E ( V ) 
• 
EcorrtM) 
^M^M 
Active 
•• ^ 
( - ) 
1 V."^ ' J-^ 
^ ' \ ^ 
^ C T T ^ ' ' Theoretical curves 
^'^'^^>l^\ Experimental curves 
^N ' \ 
1. \ 1 \ 
icorr (M ) \ N -^ 
1 o n i M. 
^ w M » • 
FIG./.2 POLARIZATION CURVES FOR A CORRODING ELECTRODE 
E^ corr = Corrosion potential 
'corr = Corrosion current 
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Ip = Corrosion current density (Corrosion rate) in absence 
of inhibitor. 
I = Corrosion current density (Corrosion rate) in presence 
of inhibitor. 
The corrosion rate is determined from the polarization 
data in two ways: 
(a) Tafel extrapolation method 
(b) Linear polarization method 
In Tafel extrapolation method the linear portion of the 
Tafel curve is extrapolated. The point of intersection is 
referred to as I 
corr 
Linear polarization method^, provides the value of 
absolute corrosion rate from the follov/ing relation. 
I = Ba.Bc 1 
^^^^ 2.3(Ba4ec)^ R"" 
P 
where 3a and s c are Tafel constants, 
1/Rp = i i/ :-. E = polarization resistance. 
The inhibition efficiency of the inhibitor can be 
77 78 
determined from ac impedance method 'by the followiny 
formula : 1/ — 1/ 
Rto ^Rt 
IE% = x 100 
R^ and Rt_ are the charge transfer resistance with and 
v/ithout inhibitor. 
For determination of Rt very small potential is applied 
as a function of frequency (usually 10 KHz-lmHz), The 
33 
R g t R t Z 
Nyquist plot 
(Fig. /.3) 
Z" = Imaginary Component 
Z' = Real Component 
R = Solution Resistance 
R. = Charge Transfer Resistance 
3 4 
impedance of the corroding system for various frequcnciet^ 
can be measured using lock-in-amplifier. A plot of Z' 
(real/Vs Z" (imaginary) for various frequencies gives a 
semicircle (Nyquist plot Fig.1-3) v^hich cuts the real axis 
at higher and lower frequencies. At higher frequency it 
o.orresponds to R and at low frequency it corresponds to 
(R +R ) . The difference between the two values gives Rt: 
From R^ the corrosion current can be calculated using 
stearn-Geary equation. 
T = 6^ -^gc 1 
cori' „ 
2.3(Sa+6c) R^ 
The d o u b l e l a y e r c a p a c i t a n c e c a n be d e t e r m i n e d from 
t h e f r e q u e n c y a t v ;h ich Z" i s maximum from t h e r e l a t i o n . 
z ma.x 2TrCdl.Rt 
1.8.3 Other Methods 
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The methods such as radio tracer technique , spectre-
Q n ^  Q O n o 
scopic methods, x-ray photo electron spectroscopy^ Auger 
electron spectroscopyf ellipsometry ^ / hydrogenpermeation^ have 
also been used for studying the inhibition phenomenon. 
1.9. INHIBITION OF CORROSION OF STEELS IN ACIDS 
Inhibitors play an important role in controlling the 
corrosion of steels^^'^^. The major use of inhibitors in acid 
8 9 90 
solutions in pickling processes ' , for removal of rust, 
scale and corrosion products. The chief requirements of the 
inhibitor are that it should neither docoinpose duriny the 
91 life of the pickle, nor increase hydrogen adsorption by 
the metal. It should also not lead to the formation ol 
surface films with electrically insulating properties that 
might interfere with subsequent electroplating or other 
surface treatments. Pickling inhibitors require a 
favourable polar group or groups by which the molecule can 
attach itself to the metal surface. These include oryanir 
N, amine, S and OH groups. The size, orientation and shape 
of the molecule play a part in the effectiveness of inhibj-
92 
tion . The surface charge of the metal and its constitu-
ents effect the relative strength of and adsorbed bond and 
91 93 
corrosion inhibition . Granese and Resales elucidated 
the mechanism of corrosion inhibition of iron and steel in 
HCl media. They observed reduced corrosion by N-containing 
organic compounds like acridine, hexamethylene, quarternary 
o 
ammonium sulphate etc. at 85 C. 
The anion of the pickling acid may also take part in 
the adsorbed film accounting for differing efficiencies of 
inhibition for the same compound in HCI as compared to H„SO 
94 This was supported by Hanna et al for the use of ethoxylated 
36 
unsaturated fatty acid. Pickling inhibitors may act as a 
good inhibitor for iron but not for other metals vice versa 
due to specific electronic interactions of polar groups with 
the metal. Sometimes temperature plays a significant role 
9 5,96 
in affecting the inhibition efficiency e.g., 0-toly1th]c-
urea in 5% H„SO, acts as a good inhibitor at elevated 
temperatures than at room temperature due to increased 
adsorption. 
In the USSR acid inhibitors are made by the use of 
industrial by products. Katapin A which is alkylbenzyl 
97 . - . 
pyridinechloride and its analogs are efficient m 
preventing the corrosion of high C steel. 
Compounds containing N or S have shown vast application 
98 9° 98 
as corrosion inhibitors . ' ' Machu has shov/n the use of S-
containing compounds for H„SO. and N-containing compounds 
for HC2 solutions. Hackerman gave the idea that higher 
percentage of orbitals of the free electrons on the N atom 
leads to inhibitive action. N-containing compounds used as 
acid inhibitors include heterocyclic bases such as pyridane, 
quinoline and various amines ^°°'^ °fe-containing compounds like 
thiourea and its derivatives, mercaptans and sulphides in 
concentrations 0.003-0.01% give 90% protection^ °^ ''°'* .Accord-
105 
ing to Every and Riggs , a mixture of N and S compounds 
was better than either type alone. Highly substituted N 
atoms may increase the inhibition effecienpy due to increase 
of electron density. Alkyl substitution on N atom or p-
37 
position of aromatic nucleus improved inhibition efficiency 
in contrast to meta derivatives. Effects of anions such as 
I and SH, in the promotion of pronounced inhibiting action 
. , T , • T T 1 '06,107 
by organic cations m acid solutions are welj known. 
1.9.1 Heterocyclic Corrosion Inhibitors 
The inhibiting action of pyrrole and its derivatives 
o 
was investigated in 5N HCl and 5N H^SO at 20 C. by weight 
loss and polarization method. The inhibition efficiency was 
found to be dependent on the dipole moment and pK values. 
109 
2- mercaptobenzimidazole was studied by Bolazin ot al 
They found it to be effective for mild steel in IN H_SO 
upto 70° C. 
Lee evaluated the corrosion inhibiting effect of 
quinolineoxine and 7-nitroso-8-hydroxyyuinoline (7-NHQ) 
against mild steel in hydrochloric acid solution. 7 -NHQ 
exhibited >90% efficiency. 
The use of thiomorpholine phenothiazine derivatives 
quinolinol and vinylpyridine polymers^'^ as potential 
pickling inhibitors for ferrous metals has been reported in 
US patents. 
Singh and his co-v/orkers reported about 97% 
efficiency of 2-mercai..to benzothiazole (6x4xlO~'^M) in IN 
o 
^2^^4 ^^ ^^ '-' "^ ^^  inhibitive action of pyridinor., pyrrole, 
furan and thiophene was investigated by galvanostatic 
measurement for Fe-lN H2S0^ system. Thiophene exhibited 
38 
115 
maximum efficiency (84.4%) 
The corrosion of mild steel in 2.5 N H2S0_^ containing 
_2 1x10 M concentration of 3-substituted -4- amino -5-mercapto 
116 . . . . ^ ^ • • 
1/2,4-triazolines was studied . The inhibition efficiency 
of these triazolines was found to increase on introducing 
electron donor substituents at position-3. p-methoxyphonyl 
substituted triazoline showed maximum efficiency among the 
inhibitors studied, 4-amino-3 — hydrcizino-5-thio-l, 2 , 4-
triazole and some of its derivatives were studied as 
117 
corrosion inhibitors by the Abd-el et al . They also found 
that inhibitors efficiency increase on increasing the 
electron density at active centres of the inhibitors. 
118 
The effectiveness of some macrocyclic compounds such 
as porphorines and phthalocyanines as acid corrosion 
inhibitors for steel was investigated by potentiostatic and 
ac impedance methods. Ptha locya iiine gave 82% efficiency at 
o 
25 C in acidchlorid?? env i ronmen t (pH = 2 ) . 
11 9 
1,10-phenanthroline was examined as corrosion 
inhibitoT for mild steel by gasometric and gravimetric 
methods. The maximum efficiency was found to be 92.1% and 
92.5% in IN H^SO^ and IN HCl respectively at 3xl0~ M concen-
tration . 
The inhibition efficiencies of 1, 1'.alkylene-bis 
pyridinium compounds have been studied for corrosion mild 
steel in IN H2S0^. The inhibitors namely 1,1' 
ethylene-3,3'-dimethyl -Jbispyridiniumiodide and 1, 1-
i^ ' 
ethylene - bispyridinium iodide showed 87.8 and 86.7% 
efficiencies in concentration ranges of 250 and 1500 ppm 
o 
respectively at 30 C. 
The influence of several' nitrogen containing 
heterocyclic compounds such as bipyridine, biquinoline, 
quinoxaline and raercaptopyrimidine on steel was 
121 
investigated these compounds exhibited 77,87,92,93 and 931 
efficiencies respectively in IN HCl• 
122 
Sethumadhavan and his co-workers studied 1 , 1(J-
phenanthroline as corrosion inhibitor for mild steel in pure 
sulph.uric acid and found 87% efficiency at room temperature' 
-2 
in 1x10 M concentration. 
123 
Granese et al studied the inhibition action of some 
nitrogen containing heterocyclic compounds such as pyridine, 
quinoline, acridine and their n-hexadecyl derivatives in HCI 
media by electrochemical and surface analysis. They 
reported that the efficiency of these compounds increases 
v/ith number of aromatic systems and electrons availability 
in the molecules. 
1.10 AIM OF THE PRESENT WORK 
Survey of literature reveals that there 
are relatively a few reports on the use of heterocyclic 
compounds containing N and S atoms in the same ring.The aim 
of the present investigation was to synthesize some 
heterocyclic compounds such as 2-hydrazinobenzothiazole and 
its methyl- and methoxy substituted anal::)gs to investigate 
40 
their inhibitive action on the corrosion of mild steel in 
acid solutions. The choice for the selection of the 
inhibitors is based on the following considerations. 
a) Presence of N and S atoms and readily solubuljzinq 
NHNHp- functional group in the inhibitor molecules are 
likely to afford good efficiency. 
b) substituted benzothiazoles were selected deleberately 
to study the effect of substituents on the inhibition 
efficiency. 
CHAPTER II 
EXPERIMENTAL 
4J 
2.1 MATERIALS 
2.1.1 Test Specimen 
The mild steel sheet used for the investigation had the 
following composition: 
c 
0.14 
Mn 
0.35 
Si 
0.17 
S 
0.025 
P 
0.03 
Fe 
rest 
2.1.2 Test Solutions 
A.R. grade Sulphuric acid and hydrochloric acid were 
used. Double distilled water v/as used to prepare all the 
solutions required for the experiments. 
2.1.3 Inhibitors 
Name 
2-hydrazino-
benzothiazole 
2-hydrazino-6-
methyl benzo-
thiazole 
2-hydrazino-6-
methoxy 
benzothiazole 
Structure M.P, Mol.wt 
-N 
'NHNHi, 
NHAJH^ 
194 
213 
167 
154 
163 
179 
42 
2.1.3.1 Synthesis of 6-substituted-2-hydrazinobenzothia-
zples (3a-c) Scheme - 1 
(a) P-substituted arylthioureas(1) ; 
Phenylthiourea (la) was commercially available. Other 
P-substituted arylthioureas (lb,lc) were prepared accordiny 
to the following general procedure. 
An appropriate P-substituted aniline (O.lmol) was 
dissolved in a mixture of concentrated HCl (9ml) and water 
(25ml) by v/arming on a water bath. The solution of amine 
hydrochloride thus obtained was cooled and solid ammonium 
thiocyanate (O.lmol) added. After the addition, the reaction 
mixture was heated on a water bath for 5 hrs. Thereafter,the 
reaction mixture was cooled and the precipitated crude 
product was filtered, washed with water, dried and 
crystallized from aqeous ethanol. 
P-substituted arylthioureas, thus prepared, are listed 
in table, 2.1 along with their physical data. 
Table 2.1 
P-substituted arylthioureas(1) 
Ccttpound No. 
lb 
Ic 
R 
OCH-
M.P. in 
180 
209 
Lit.M.P. 
in °C 
182 
210 
Yield 
in % 
53 
51 
Ref. 
124 
124 
^3 
NH^SCN/HCI 
NHCSNH2 
"^^^ Br2/CHCl3 
R 
1 
NHNH-
3 Q , R = H 
3b, R = CH3 
SCHEME-1 3c , R = 0CH3 
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(b) 6-substituted-2-aminobenzothiazoles(2): 
General procedure 
To a suspension of an arylthiourea{1,0.1 mol) in 
chloroform (100ml)/bromine (0.15 mol) in chloroform( lOOml )v/as 
added. The mixture ,was heated under reflux for 15 min. 
which was accompanied by the evolution of dense white fumes 
of hydrogen bromide. After the reaction was over, chloroform 
was distilled off and the semi-solid product, thus obtained, 
was treated with sulphurous acid till the brown colour was 
discharged and the solid dissolved. The solution was then 
filtered from undissolved matter and the filtrate was 
treated v^ 7ith aqueous ammonia. The solid which sep'i'hated out 
was filtered, washed with water, dried and crystallized from 
an appropriate solvent. 
6-substituted-2'-aminobenzothiazoles(2), thus prepared, 
are listed in table 2.2 along with their physical data. 
Table - 2.2 
6-substituted-2-aminobenzothiazoles(2) 
Compound No. 
2a 
2b 
2e 
R 
H 
CH3 
OCH3 
M.P. 
in°C 
128 
135 
159 
Lit.M.P. 
in °C 
130 
136 
158-61 
Yield 
in % 
62 
59 
60 
Ref. 
124 
125 
126 
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(c) 6-substituted-2-hydrazinobenzothiazoles(3) : 
General procedure 
Concentrated hydrochloric acid (lOml.) was added 
dropwise with stirring to hydrazine hydrate (lOg, 0.2 mol) 
at 5-lOC. Ethyleneglycol(40ml.) was then added followed by 
6-substituted-2-aminobenzothiazoles (2,0.05 mol.) in 
portions to the above reaction mixture and the resulting 
mixture was heated to reflux for 2 hrs. A fine crystalline 
solid, which separated on cooling, was filtered, washed with 
water and crystallized from ethanol. 
6-substituted-2-hydrazinobenzothiazoles (3), thus 
prepared, are listed in table 2.3 along with their physical 
data. 
Table - 2.3 
6-substituted-2-hydrazinobenzothiazoles(3) 
^MAJH, 
Compound No. 
3a 
3b 
3c 
R 
H 
CH3 
OCH^ 
M.P. 
in°C 
194 
213 
167 
Lit.M.P. 
in °C 
195 
214-16 
168-69 
Yield 
in % 
65 
75 
74 
Ref. 
127 
128 
128 
4h 
2.2 INSTRUMENTS 
The following instruments were used for carrying out 
the polarization studies. 
(i) Potentiostaf (E.G.& G. PARC - model: 173) 
(ii) Log current converter (model:376) 
(iii)Universal programmer (model:175) 
(iv) X-Y Recorder (model RE0089) 
(v) Electric singlepan belance (model VB/MDD) 
(vi) Metallographic microscope (model: Metallux II) 
2.3 TECHNIQUES EMPLOYED 
The experimental work was carried out with the help of 
the following techniques. 
(a) Weight loss method 
(b) Potentiostatic polarization technique 
(c) Optical microscopy 
2.3.1 Weight Loss Method 
Specimens of size 5x2x0.025 cm were cut from the mild 
steel sheet and mechanically polished with 1/0 to 4/0 grades 
o_f emery papers. After polishing, the specimens were washed 
with distilled water and finally with acetone. The 
specimens were stored in a dessicator over silica gel. The 
weight of the specimen was measured before exposing it to 
corrodent on a single pan electrical balance. During weight 
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loss experiments, the specimens were fully immersed in lOOmi 
test solution using beaker of 250 ml. capacity. After a 
definite exposure time, the specimen was taken out and 
washed with distilled water. If there is any corrosion 
product on mild steel surface it was removed from the 
surface by mechanical rubbing with a rubber cork. Specimens 
v/ere then dried and loss in weight was recorded. The 
thermostatic water bath was used for carrying out the weight 
loss experiments at higher temperatures. Thermostat was 
o 
maintained within an accuracy of + 1 C. The percentage 
inhibition efficiency & surface coverage were calculated 
using the following equations. 
.WQ - W 
IE% = X 100 
Wo 
and 
© = — 2 
"o 
where, IE% = percentage inhibitive efficiency 
9 = surface coverage 
w^ = weight loss or corrosion rate in uninhibited 
system 
w = weight loss or corrosion rate in inhibited 
system. 
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Langmuir adsorption isotherm equation was also used 
© Q Log j ^ ^ = Log C + Log A 1-e ^^^ - ^^^ " 2.3RT 
where, 
inhibited rate 
© = 1- uninhibited rate 
A = temperature independent constant 
C = bulk concentration of inhibitor in mole/litre 
Q = heat of adsorption 
The inhibition efficiency has been taken to represent 
the surface coverage 9, the results have, therefore, been 
shown in the form of Langmuir plots, i.e. 
0. 
Log YZa ^^ ^°9 ^ 
2.3.2 Potentiostatic Polarization Technique 
For potentiostatic polarization studies, working 
electrodes Icmxlcm with a tag of 4cm were cut from the mild 
steel sheet and polished with 0/0 to 4/0 grade of emery 
papers. The specimens were then thoroughly washed with 
distilled water and finally with acetone. Unwanted area of 
the electrode was coated with a Lacquer to get a well 
defined working area. The polarization was carried out using 
a potentiostat (E.G.& G PARC 173). 
4^ 
POTENTIOSTAT 
Wo Ao Ro 
Copper road 
Lecquer 
Mild 
steel 
electrode 
Stop cock 
i^FT • ^ 
, Platinum / f o i l 
^ (Counter 
/ 
Saturated 
calomel 
electrode 
i^?l:fe-fk^f 
electrode)R2-r-£"zrV=rrrr 
/ • 
Saturated 
KCl 
solution 
FIG.a-I SCHEMATIC DIAGRAM OF THE ELECTROCHEMICAL 
CELL 
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All the potentials were measured against a saturated 
calomel electrode. The inhibition efficiencies were 
calculated using following equations. 
locorr - Icorr 
IE = X 100 
I corr 
o 
I corr = corrosion current density without inhibitor. 
o 
Icorr = corrosion current with inhibitor. 
2.3.3 Optical Microscopy 
To study the morphology/ of corroded surface of the 
specimen and formation of film at various stages in presence 
and absence of inhibitors, optical microscope (Leitz model:410 
With semi-automatic exposure meter and phase contrast lense 
was used. The specimens were thoroughly washed with double 
distilled water before putting on the slide. The photographs 
have been taken from that portion of specimen from v^ here 
better information was obtained. In most of the cases, the 
magnification used was 120x(25/«m) 
CHAPTER III 
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This chapter describes the behaviour of some hetero-
cyclic corrosion inhibitors on corrosions of mild steel in 
IN H_SO.. The following heterocyclic compounds ?;ere selected 
for the present investiyati.qn. 
1. 2-Hydrazinobenzothiazole, (3a) 
2. 2~Hydrazino-6-mGthylbenzothiazole, (3b) 
3. 2-Hydrazino-6-methoxybenzothiazolG, (3c) 
r ^ ^ 
NHNH-
3Q, R = H 
3b, R = CH3 
3c, R = 0CH3 
The inhibitive action of these compounds on mildsteel 
were studied employing two different techniques. The weight 
loss studies were conducted in IN H„SO at diffarent 
o o ^ 4 
temperatures (36 -60 C) using various concentrations 
-3 (0.5-2x10 M) of the inhibitors. Polarization experiments 
-3 \\?ere also performed using optimum concentration (2x10 M) of 
the inhibitors at room temperature to understand the 
behaviour of these inhibitors. Micrographs of the mild steel 
surface in absence and presence of inhibitors have been 
taken to understand the morphology of the corroded surface. 
Finally, one inhibitor, 2-Hydrazino-6-methoxybenzothiazole 
was also studied in IN HCl from the com.parison point of 
view. 
3.1 Weight loss study 
The percentage inhibition efficiency of the inhibitors 
o o 
at diffarent temperatures (36 -60 C) and concentrations 
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Table 3.1a 
Percentage inhibition efficiencies (IE), loss in weightCy) 
and surface coverage in presence of different concentrationK 
of the inhibitors at room temperature (36°C+2) 
Immersion Period = 90 minutes 
C o n c e n t r a t i o n o f 
_3 
i n h i b i t o r s ( m o l e s x l O M) 
IN H_SO. 2 4 
2-hydraz inobenzoth iazole 
2 
1.5 
1 
0.5 
W e i g h t 
( g ) 
0.0655 
0.0085 
0.0111 
0.0163 
0.0288 
l o s s IE 
-
87 
83 
75 
56 
© 
-
0.87 
0.83 
0.75 
0.56 
L o g - j ^ ^ 
-
0.82 
0.69 
0.48 
0.10 
2-hydrazino-6-methyl 
benzothiazole 
2 
1.5 
1.0 
0.5 
2-hydrazino-6-methoxy 
benzothiazole 
2 
1.5 
1.0 
0.5 
IN HCl 0.1150 
2-hydrazino-6-methoxy 
benzothiazole 
0.0058 
0.0078 
0.0131 
0.0248 
91 
88 
80 
62 
0.01 
0.88 
0.80 
0.62 
1.0 
0.86 
0.60 
0.21 
0.0028 
0.0040 
0.0077 
0.0196 
95.7 
93.8 
88.1 
70 
0.957 
0.938 
0.881 
0.70 
1.34 
1.18 
0.869 
0.36 
0.0023 98 0.98 1.69 
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Table 3.1b 
Percentage inhibition efficiencies (IE), loss in weight (g) 
and surface coverage in presence of different concentrations 
o 
of the inh ib i to r s at 50 C. 
Immersion Period = 90 minutes 
C o n c e n t r a t i o n s 
of i n h i b i t o r s 
( m o l e s X 10 M) 
IN H-SO^ 
2-hiydrazinobenzothiazole 
2 
1.5 
1.0 
0.5 
W e i g h t 
( g ) 
0.2679 
0.0509 
0.0616 
0.0857 
1.2590 
l o s s 
81 
77 
68 
53 
IE 9 
0.81 
0.77 
0.68 
0.53 
9 
'"^'3 i - g 
0.63 
0.52 
0.32 
0.052 
2-hydrazino-6-inethyl 
benzothiazole 
2 
1.5 
1.0 
0.5 
0.0348 
0.0452 
0.0694 
0.1174 
87 
83 
74 
56 
0.87 
0.83 
0.74 
0.56 
0.82 
0.70 
0.48 
0.10 
2-hydrazino-6-methoxy 
benzothiazole 
2 
1.5 
1.0 
0.5 
0.0214 
0.0262 
0.0482 
0.1018 
92 
90.2 
82 
62 
0.92 
0.902 
0.82 
0.62 
1.06 
1.05 
0,65 
0.21 
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Table 3.1c 
Percentage inhibition efficiencies (IE), loss in weight (g) 
and surface coverage in presence of different concentrations 
o 
of the inhibitors at 60 C 
Immersion Period = 90 minites 
C o n c e n t r a t i o n s o f 
i n h i b i t o r s . 
(molesxlO"-^M) 
IN H2S0^ 
2-hydraziinobenzothiazole 
2 
1.5 
1.0 
0.5 
2-hydrozino-6-fnethyl 
benzo th iazo le 
2 
1.5 
1.0 
0.5 
2-hydrazino-6^nethoxy 
benzo th iazo le 
2 
1.5 
1.0 
0.5 
W e i g h t l o s s 
( g ) 
0.4046 
0.0971 
0.1132 
0.1537 
0.2346 
' 
0.0606 
0.0728 
0.1092 
0.1739 
0.0404 
0.0546 
0.0890 
0.1058 
IE 
-
76 
72 
62 
47 
85 
82 
73 
57 
90 
86.5 
78 
59 
e 
-
0.76 
0.72 
0.62 
0.47 
0.85 
0.82 
0.73 
0.57 
0.90 
0.865 
0.780 
0.590 
e 
Log 1-9 
-
0.50 
0.41 
0.21 
0.052 
0.75 
0.65 
0.42 
0.122 
0.95 
0.806 
0.55 
0.15 
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_3 (0.5-2x10 M), determined by the weight loss, have been 
summarized in table 3.1 . It is seen from the tables that 
inhibition efficiency decreases with increase in temperature 
o 
from room temperature to 60 C. This decrease in percentage 
inhibition efficiency indicates that the inhibitor film 
formed on the steel surface is slightly less protective in 
nature at higher temperature, probably desorption of the 
inhibitor molecules occurs at higher rate from the metal 
surface at higher temperature. According to Putilova , 
behaviour of such inhibitors can be compared to the unstable 
catalyst poisons, whose adsorption falls appreciably with 
rise in temperature. 
The percentage inhibition efficiency increases witn 
increase in inhibitor concentration from lower 
-3 -3 
concentration, 0.5x10 M to higher concentration, 2x10 M. 
As the inhibitors show their maximum efficiency at 2x10 M 
concentration. The order of inhibition has been found as 
follows: 
2-Hydrazino-6-methoxybenzothiazole > 2-Hydrazino-6-methyl 
benzothiazole > 2-Hydrazinobenzothiazole. 
The effectiveness of a given compound as corrosion 
inhibitor depends on the structure of anorganic molecule ^^^ '^ ^^  
The variation in inhibitive efficiency mainly depends on the 
type and number of the substituents present in the inhibitor 
133 
molecule . Thus, on the basis of the above mentioned 
factors, the differance in protective action of different 
56 
inhibitors can be explained. In the present study, it is 
seen that 2-hydrazino-6-methylbenzothiazole (3b) gives 
better efficiency than the parent compound, (3a). The higher 
inhibition efficiency of the 3b is ascribed to +1 effect 
(electron releasing effect) of the -CH^ group which causes 
increase in the electron density of the benzothiazole ring 
of 3b, thereby increasing its acJsorption over the steel 
surface leading to higher efficiency, Since-OCH^ group is 
better electron donor than -CH-, group therefore methoxy 
substituted inhibitor 3c has exhibited maximum efficiency. 
The surface coverage (6) has been calculated from the 
weight loss data. The plots of log 9/1-6 vs log C for all 
the inhibitors are shown in Fig, 3.1, straight lines 
indicate the adsorption of inhibitors over the metal surface 
following a Langmuir adsorption isotherm. 
3.2 Polarization study 
The potentiostatic polarization curves of all the 
three inhibitors have been recorded at room temperature 
o _3 
(36 C+2) at 2x10 M concentrations in IN H_SO. are shown in 
Fig. 3.2a- The various corrosion parameters such as ^corr, 
-corr' -'•^^ ^^^ summarised in table 3.2 . Both anodic and 
cathodic polarization curves are shifted towards lov/er 
current density in presence of inhibitors. These observa-
tions suggest the effectiveness of these inhibitors on 
corrosion of mild steel in IN H-,SO.. E values are 
2 4 corr 
slightly shifted in presence of inhibitors. These 
observations indicate that the inhibitors are of mixed type, 
^ 7 
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Table 3.2a 
Electrochemical polarization parameters for the corrosion of 
mild steel in IN H_SO. containing inhibitors at 2x10 M 
concentration at room temperature. 
Inhibitors Icorr Ecorr Inhibition efficiency 
(mA.cm~2) (mv vs SCE) (%) 
IN H_SO. 0.032 -500 
2 4 
2-hydrazinobenzo- 0.070 -500 78 
thiazole 
2-hydrazino-6-methyl 0.065 -500 78 
benzothiazole 
2-hydrazino-6-methoxy 0.040 -506 87 
benzothiazole 
Table 3.2b 
Electrochemical polarization parameters for the corrosion of 
mild steel in IN HCl containing 2-hydrazino-6-methoxybenzo-
thiazole at room temperature (36°C + 2) 
Inhibitor Icorr E^orr Inhibition 
concentration (mA.cm-2) (mV vs SCE) efficiency 
(moles X 10--^M) ^^ ^ 
IN HCl 0.35 -475 
2-hydrazino-6-
methoxy benzo-
thiazole 
2 0.04 -536 88.5 
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i.e. they suppress both anodic and cathodic reactions. 
The plausible mechanism of corrosion inhibition of mild 
steel in sulphuric acid can be explained on the basis of 
adsorption. In acidic solution, Hydrazinobenzothiazoles 
(R-BZ-NHNH„) , bein9 v;eakly basic in nature can react v;ith H+ 
to form protonated species as follows: 
R-Ba-NHNHo + H-,0 —ini^R-BZ-NHNH^ + H-0 2 3 "N 3 2 
134 
These protonated species like amines, can inhibit 
cathodic evolution of hydrogen by getting adsorbed over the 
cathodic sites of the mild steel surface. A similar 
explanation has been proposed by Papavinasam and co-workers 
for inhibition of cathodic reaction of lead in acetic acid 
in presence of phenylhydrazines. The adsorption of the 
protanated species on the mild steel surface can occur as 
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f o l lov/s ; 
^ -
0 ,^  .N 
- - N - — N H — 
© /H 
- - 0 - H 
N 
H 
© /^  
-- N — -
H H 
©_/^  
--0-H 
\ 
H 
N H ~ -
© H^ 
N NH-
/ \ H V- (j 
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The anodic dissolution of mild steel can be decreased 
due to adsorption of inhibitor molecules at the anodic sites 
137 
through T^ electrons and n electrons present in the inhibitor 
molecules. The adsorption through aromatic rings occurs 
parallel to the metal surface. 
- N H — N H 2 
v \ \ \ \ \ \ \ \ \ \ \ \ \ w V w w 
The mixed type behaviour of the inhibitors as observed 
from the polarization studies further confirm the findings 
that both the species are adsorbed on the steel surface. 
The adsorption of the inhibitor molecules on the metal 
surface finds further support from the fact that all the 
inhibitors follow Langmuir adsorption isotherm-
The better appearance of mild steel surface in 
inhibited sulphuric acid solution than in plain sulphuric 
acid solution as evident from microscopic examination (fig. 3.3^ 
further corroborates the fact that inhibitor molecules are 
Fiy.cX Surface foature 
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IN FUSO, . 
4-
F i g . C 
i 
Surface feature of 
.'•!. S . in presence of 
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benzothiazole.(2x10 M; 
I'xpo.sure period 1 hr. 
Magnification 12 0X. 
F1 g . 6 . Surface i; c a t u r r-
M.S. in presence 
2-Hydrazinohen/'ot- h "• 
zole (2xl'^-'^M). i'.x,. 
sure period 1 hr. 
Magnificat ion "i 20:-: . 
Fig.i/. Surface feature of 
M.S. in presence of 
2-Ilydrazino-6-methoxv 
benzothiazole (2x10"^^]) 
Exposure period 1 hr. 
Magnification 120X. 
^ 
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adsorbed on the metal surface and prevent attack of 
aggressive solution at the surface. 
The compound, 2-Hydrazino-6-methoxYbenzothiazole has 
also been studied in IN HCl. A noteworthy feature of the 
investigation is that this compound gives better performance 
in IN HCl than in IN H»SO.. This has been explained on the 
basis of synergestic mechanism'^ ''^ 'i° To explain this, a 
cooperative adsorption model between the electro active 
chloride species and organic cations has been proposed as 
shown below. _ ^ 0 © /" N-
X 
H H 
0 ©.H 
4- CI 
/© 0 ©/H 4-jCi O-H 
+ CI 
0 ®,H 
N^-- NH--
/l 
il41 Granes et al'^ ' have also proposed the same model to 
explain the higher efficiency of some nitrogen containing 
heterocyclic compounds in hydrochlcric acid solution. 
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SUMMARY 
The work embodied in the dissertation deals with the 
study of some heterocyclic compounds as corrosion inhibitors 
for mild steel in IN H2SO. solution. The heterocyclic 
organic compounds selected for the present investigation are 
as follows: 
1. 2-Hydrazinobenzothiazole 
2. 2-Hydrazino-6-methylbenzothiazole 
3. 2-Hydrazino-6-methoxybenzothiazolc 
rl^^ 
NHNH-
3Q, R = H 
3b, R = CH3 
3c, R = 0CH3 
The inhibitive efficiencies of all the inhibitors have 
been determined by weight IOSB method at diffarent tempera-
o 
tures (room temperature to 60 C), using diffarent concentra-
tions of the inhibitors. All the inhibitors shown their 
-3 
maximum efficiency at 2x10 M concentration. 2-Hydrazino-
6-methoxybenzothiazole exhibited the maximum efficiency. The 
order of inhibitive efficiency has been found as follov\?s: 
2-Hydrazino-6-methoxybenzothiazole > 2-Hydrazino-6-
methylbenzothiazole > 2-Hydrazinobenzothiazole. 
The difference in their protective action is attributed 
to the presence of electron releasing groups present at 
11 
position-6 of the inhibitor molecules. 2-Hydrazino-6-methyl-
benzothiazole gives better efficiency than the parent 
compound because of the fact that -CH^ group being electron 
donor, by virtue of its +1 effect, increases the electron 
density of the benzothiazole ring which increases the 
adsorption of the inhibitor molecule on the metal surface 
leading to higher efficiency. Since CE-.0 group is better 
donor than -CH, group, CH^O-substituted inhibitor exhibited 
improved inhibition over the CH^-substituted inhibitor. 
All the inhibitors have been found to be effective up 
to 60 C. 
The potentiostatic polarization study revealed that all 
the inbititors are of mixed type i.e. they inhibit both the 
anodic dissolution of mild steel and cathodic hydrogen 
evolution processes. 
The plausible mechanism of corrosion inhibition of mild 
steel in sulphuric acid solution has been explained on the 
basis of adsorption. In acidic solution, Hydrazinobenzothia-
zoles (R BZ NHNH-) react with H+ to form protonated species 
as follows: 
R-BZ-NHNH2 + H-0"*"^ri±K^Z-NHNH^ 
These protonated species can inhibit cathodic evolution 
of Hydrogen by getting adsorbed over the cathodic sites of 
the mild steel surface. The adsorption of protonated species 
Ill 
)n the metal surface has been shown in the following figure, 
H'^H 
•-Q-K 
© /^  
© /^  
---O-H 
© /H 
The anodic dissolution of mild steel can be decreased 
due to adsorption of inhibitor molecules at the anodic sites 
through IT electrons and n electrons present in the inhibitor 
molecules. This type of adsorption can be shown as follows: 
— NH —NH2 
\ v \ \ \ \ \ \ \ \ \ ^ \ x v w V w w 
IV 
The mixed type behaviour of the inhibitors as evident 
from polarization studies conclusively prove that corrosion 
is inhibited by working on the anodic and cathodic sites of 
the steel surface by inhibitor molecules. 
o 
a 
•625 
- 7 5 0 
•875 
2, 2~Bydrazinobenzothiazole 
3, 2-«ydra«ino-6-«i«thylbenzothiazole 
4, 2-Hydrazino-6-«ethoxybenzothiazol«? 
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The adsorption of the inhibitor molecules on the metal 
surface finds further support from the fact that all the 
inhibitors follow Langmuir adsorption isotherms. 
sy 
The better appearance of mild steel surface in inhibi-
ted sulphuric acid solution than in plain sulphuric acid 
solution as evident from microscopic examination (Fig.3-3 ) 
further corroborates the fact that inhibitor molecules are 
adsorbed over the steel surface and prevent the attack of 
aggressive (corrosive) solution on the surface. 
F i g . a-Surface fea tu re of M.S. in presence of 
IN H SO 
2 4 
Fig.C'Surface feature of M.S. in presence of 
2-Hydrazino-6-methylbenzothiazole. (2x10 '^ j 
Exposure period 1 hr. Magnification 120xi 
Fig.t.Surface feature of M.S. in presence of 
-3 
2-Hydrazinoben20thiazole (2x10 M ) . 
Exposure period 1 hr. Magnification 
120x. 
Fig.c/'Surface feature of M.S. in presence of 
2-Hydrazino-6-methoxybenzothiazole 
-3 
(2x10 M) Exposure period 1 hr. Magnifica-
tion 120x. ^ 
VI 
The compound 2-Hydrazino-6-methoxybenzothiazole has 
also been studied in IN HCl. A noteworthy features of the 
investigation is that this compound gives better performance 
in IN HCl than in IN H-SO . This behaviour has been 
explained on the basis of synergestic mechanism. To explain 
this mechanism a cooperative adsorption model between 
chloride electroactive species and organic cations has been 
proposed which is shov/n below: 
4±)^® 
0 
+ )ci--
--,\'- NH 
H H 
©.H 
h 
0 
-t- j c i - -
3 0 ci 
--- N N H 
^ H 
---0-H 
H 
/I 
© 
+ )C1 — 
©,H 
H H 
CONCLUSION 
CONCLUSION 
All the three inhibitors namely, 
2-Hydrazinobenzothiazole (HBT) 
2-Hydrazine-6-methyIbenzothiazole (H-ME-BT) 
2-Hydrazino-6-methoxybenzothiazole (H-MEO-ET) 
Were found to be very effective in IN H-SO from 
o o 
36 -60 C. 
For all the inhibitors, the inhibition efficiency was 
found to increase with increase in their concentrations. 
All the inhibitors showed their maximum efficiency at 
2 X 10 M concentrations. 
The efficiency of all the inhibitors was found to 
decrease with rise in temperature. 
They all act as mixed type of inhibitors in IN H-SO.. 
The behaviour of 2-Hydrazino-6-methoxybenzothia2ole was 
found to be little more cathodic in presence of IN HCl. 
The order of inhibition efficiency was found to be as 
follows: 
H-MEO-ET > H-ME-BT > HBT 
All the inhibitors were found to follow Langmuir adsor-
ption isotherms. 
All the inhibitors were found to inhibit corrosion by 
adsorption mechanism. 
